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Usefulness of Videofluoroscopic Swallow Study with Mixed 
Consistency Food for Patients with Stroke or Other Brain Injuries 
This study evaluated the feasibility of mixed consistency foods test in patients with 
dysphagia which developed after stroke or other brain injuries. The findings of a 
videofluoroscopic swallow study (VFSS) were compared using single versus mixed 
consistency foods. Forty-nine patients with stroke or other brain injuries who had no 
significant abnormal findings in the single consistency food VFSS and started regular 
hospital diet were recruited for this study. Twenty-five (51%) of the 49 patients showed 
normal findings whereas 24 (49%) patients showed abnormal findings in the mixed 
consistency food VFSS. Abnormal findings included posterior spillage of liquid prematurely 
to pyriform sinus (n = 23), laryngeal penetration (n = 6), subglottic aspiration in the oral 
preparatory phase of swallowing (chewing), solid components (n = 2), and significant 
(more than 10%) residue in valleculae or pyriform sinus (n = 2). There was an increased risk 
of abnormal findings in mixed consistency food VFSS such as aspiration and penetration 
when a patient showed delayed pharyngeal delay time in single consistency food using 
liquids. In conclusion, VFSS protocols using mixed consistency foods would be useful 
before starting regular diet for patients after stroke or other brain injuries.
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INTRODUCTION
Dysphagia is frequently observed among patients suffering from 
stroke or other brain injuries. The frequency of dysphagia is re-
ported to range from 29% to 81% after stroke (1, 2), and over 17% 
after traumatic brain injury (TBI) (3). Dysphagia after stroke or 
other brain injuries is known to be a risk factor for complications 
such as aspiration pneumonia, dehydration, and malnutrition. 
These complications influence the quality of life and long term 
prognosis after stroke or other brain injuries (4). Thus, dyspha-
gia after stroke or other brain injuries should be screened ag-
gressively. For this purpose, several bedside screening tests and 
clinical measurements are used to evaluate the presence and 
severity of dysphagia. 
  The videofluoroscopic swallow study (VFSS) is the most fre-
quently utilized test to evaluate the nature and extent of dys-
phagia. With this test, it is possible to determine whether the 
patient can swallow safely, and identify the circumstances of 
safe swallowing. Using VFSS, we can test therapeutic and com-
pensatory maneuvers to determine which ones are effective for 
a given patient. Most clinical centers often use protocols which 
include small amounts of liquid (1-2 mL), medium to large 
amount (5-10 mL) of liquid, semi-solid foods, and solid foods. 
However, these protocols should be adjusted by individual cen-
ters or countries according to their cultural context or dietary 
habits. Koreans usually eat steamed rice and soup as a staple 
food with several side dishes. Korean style soup itself is a thin 
liquid mixed with various types of solid or semi-solid compo-
nents such as meat, radish or tofu. Frequently, steamed rice is 
mixed with soup, which produces a mix of solid and liquid foods 
(Fig. 1). The physiologic process of eating solid food is different 
from that of liquid food. Likewise, the swallowing physiology of 
mixed consistency food would be different from that of single 
consistency foods. 
  In clinical situations, dysphagia symptoms are often observed 
among patients who start on a regular Korean diet even though 
they have shown no significant abnormalities in VFSS using 
protocols in single consistency foods. From these experiences, 
we developed a hypothesis that the risk of aspiration or any ab-
normal symptoms of dysphagia is higher in mixed consistency 
foods than that of single consistency food. There are two studies 
which suggest the possibility of risk of aspiration of ‘two phase 
mixture of foods’ because the leading edge of the bolus of two 
phase food reaches lower in the pharynx than single consisten-
cy foods at swallowing onset (5, 6). However, the risk of aspira-
tion or penetration of mixed consistency foods in the patients 
who showed no significant abnormalities from single consis-
tency food VFSS still needs to be investigated. Also, for a practi-
cal reason, a study using mixed consistency food which is close 
to the typical Korean style diet is needed. Based on such needs, Kang SH, et al.  •  Usefulness of Videofluoroscopic Swallow Study with Mixed Consistency Food 
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we designed this study to evaluate the risk of dysphagia of mixed 
consistency foods in patients with stroke or other brain injuries 
by comparing the single versus mixed consistency food VFSS.
MATERIALS AND METHODS
This study was designed as a prospective study. All patients were 
recruited from an inpatient rehabilitation unit of Chung-Ang 
University Hospital in Seoul, Korea. We assessed the eligibility 
of patients according to the following inclusion criteria; 1) defi-
nite evidence of stroke or other brain injuries in magnetic reso-
nance imaging (MRI) or computerized tomography (CT), 2) pa-
tients who had started their regular hospital diet because they 
had no overt evidence of symptoms of dysphagia in bedside ex-
amination (alert mental status, opening of mouth for oral feed-
ing, intact laryngeal movement with successful dry swallowing, 
swallowing one teaspoon of water without delay, involuntary 
cough, drooling or voice change), and 3) no significant abnor-
mal findings in single consistency food VFSS, no overt penetra-
tion or aspiration when taking 2 and 5 mL of liquid, curd-type 
yogurt, soft blend diet (rice porridge) and steamed rice, and no 
significant residue (more than 10%) in the valleculae or pyriform 
sinus in the pharyngeal phase. 
  Single consistency food VFSS and mixed consistency food 
VFSS were performed during the admission period in the reha-
bilitation unit. A protocol from Logemann’s study was modified 
and subsequently used (7). In the single consistency food VFSS, 
patients were given 2 mL and 5 mL of diluted barium (barium/
water, 35/65% weight/volume ratio), curd-type yogurt, soft blend 
diet (rice porridge) and steamed rice orally. These were given 
twice at each lateral and anteroposterior position. When there 
were 1) no abnormal findings in the oral phase, 2) no overt pen-
etration, aspiration and 3) no significant residue (more than 
10%) in the valleculae or pyriform sinus in pharyngeal phase in 
the single consistency food VFSS, mixed consistency (dual con-
sistency) VFSS was performed. Mixed consistency VFSS was done 
using 4 g of steamed rice mixed with 4 mL of diluted liquid bar-
ium twice at each lateral and anteroposterior position (Fig. 2). 
  All test procedures were recorded on videotape and the find-
ings were analyzed by two physicians of rehabilitation medi-
cine. We referred to the videofluoroscopic dysphagia scale (VDS) 
to evaluate the findings of VFSS (8, 9). VDS assesses the follow-
ing 14 items: lip closure, bolus formation, mastication, apraxia, 
tongue-to-palate contact, premature bolus loss, oral transit time, 
triggering of pharyngeal swallow, vallecular residue, laryngeal 
elevation, pyriform sinus residue, coating of pharyngeal wall, 
pharyngeal transit time, and aspiration. 
  The oral transit time (OTT), pharyngeal delay time (PDT), and 
pharyngeal transit time (PTT) were measured in the single con-
Fig. 1. Regular Korean hospital diet. It is steamed rice (red *) and a soup (red **) com­
posed of thin liquid and various vegetables, tofu, etc. Several side dished could be 
added (A). Many Korean prefer mixture of the rice with soup (B). A picture of a scoop 
of the mixture (C).
A
C B
* **
Fig. 2. Mixed (dual) consistency food for VFSS. (A) 4 mL of thin liquid barium, (B) 4 g of steamed rice, (C) the mixture.
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sistency food VFSS using 5 mL of diluted barium.
  Ten young subjects without history of stroke or other brain 
injuries and swallowing difficulty were also recruited as a con-
trol group for comparative purposes.
  We used an independent t-test to compare OTT, PDT, and PTT 
of each group, and chi-square test to compare the incidence of 
abnormal findings between patients with delayed PDT/PTT 
value versus those with normal PDT/PTT value. P values below 
0.05 were considered significant.
Ethics statement
This study protocols were approved by the institutional review 
board at Chung-Ang University Hospital (IRB approval number: 
C2010127[423]), and written informed consent was obtained 
from all patients and participants of normal control study.
RESULTS
A total of 49 patients after stroke and other brain injuries were 
included in the patient group. The mean (SD) age of the patient 
group was 61.8 (15.0) yr, and the duration from onset to the date 
of VFSS was within 60 days in 32 patients and above 60 days in 
17 patients. Of the 49 patients, 17 had intracerebral hemorrhage, 
16 had cerebral infarction, 10 had traumatic brain injury, and 6 
had duplicated types of stroke or other brain injuries. In terms 
of the location of brain damage, 36 patients had supratentorial 
lesion, 5 had infratentorial lesion including brain stem, and 8 
had lesions on both sides of the tentorium (Table 1).
  The mean (SD) age of the control group was 31.9 (3.2) yr. In 
the mixed consistency food VFSS, a majority (8 of 10 subjects, 
80%) of the control group showed good bolus formation during 
mastication without premature spillage of liquid. Two subjects 
(20%) of the control group showed premature spillage of liquid 
during the oral phase (Fig. 3A), but the pharyngeal swallowing 
reflex was immediately triggered to swallow the liquid compo-
nent and they continued chewing the solid component in the 
mixed consistency food VFSS (Fig. 3B). There were no abnor-
mal findings in the pharyngeal phase of swallowing in the con-
trol group. 
  In the patient group, 25 out of 49 patients (51%) showed no 
abnormal findings in the mixed consistency food VFSS. How-
ever, 24 patients (49.0%) showed abnormal findings in the mixed 
consistency food VFSS, which were categorized in the following 
ways: 1) posterior spillage of liquid prematurely to pyriform sinus 
Table 1. Characteristics of patient group
Characteristics Numbers 
Duration from onset of damage in CNS to this study 
   < 60 days
   > 60 days
 
32
17
Cause of damage to CNS 
   Hemorrhage
   Infarction
   Traumatic brain injury
   Duplicated damage 
 
17
16
10
  6
Locations of damage to CNS
   Supratentorial lesion
   Infratentorial lesion
   Both side of tentorium
 
36
  5
  8
All numbers are number of patients. Total number of patients is 49. CNS, the central 
nervous system.
A B
Fig. 3. Mixed consistency VFSS in control group. (A) Two subjects of control group showed posterior spillage of liquid (arrow) during oral phase, (B) Immediately the pharyngeal 
swallowing reflex was triggered and they swallowed the liquid component and continued chewing of solid component (arrowheads). Kang SH, et al.  •  Usefulness of Videofluoroscopic Swallow Study with Mixed Consistency Food 
428   http://jkms.org DOI: 10.3346/jkms.2011.26.3.425
in the oral preparatory phase of swallowing (chewing) of solid 
component (23 of 49, 46.9%) (Fig. 4A), 2) laryngeal penetration 
of prematurely spilled liquid in the oral preparatory phase of 
solid component (6 of 49, 12.2%), 3) subglottic aspiration of pre-
maturely spilled liquid in the oral preparatory phase of swallow-
ing (chewing) of solid component (2 of 49, 4.1%) (Fig. 4B), and 
4) significant (more than 10%) residue in valleculae or pyriform 
sinus (2 of 49, 4.1%). All the patients with laryngeal penetration 
and subglottic aspiration, and one patient with significant resi-
due in the pyriform sinus showed posterior spillage of liquid 
prematurely to pyriform sinus in the oral preparatory phase.
  There were no statistically significant differences between 
the control group and the patients group in OTT, PDT, and PTT. 
However, within the patient group, PDT and PTT showed sta-
tistically significant delays in the 24 patients with any abnormal 
findings in mixed consistency food VFSS compared to the 25 
patients without abnormal findings (Table 2). All the patients 
had normal OTT value (< 1.5 sec). The PDT of all the patients 
was below 2.0 sec. However, the PDT of 7 patients was above 0.5 
sec; 5 of these 7 patients showed posterior spillage of liquid pre-
maturely to pyriform sinus in the oral preparatory phase, 1 pa-
tient showed laryngeal penetration, and 1 showed no abnormal-
ity. The patients whose PDT value was above 0.5 sec showed a 
statistically significant incidence of abnormal findings in mixed 
consistency food VFSS compared to those whose PDT was be-
low 0.5 sec (P < 0.05). The PTT of 9 patients was above 1.0 sec; 7 
of these 9 patients showed posterior spillage of liquid prema-
turely to pyriform sinus in the oral preparatory phase, 1 showed 
laryngeal penetration, and 1 showed no abnormality. The pa-
tients whose PTT value was above 1.0 sec showed a statistically 
significant incidence of abnormal findings in mixed consisten-
cy food VFSS compared to those whose PTT was below 1.0 sec 
(P < 0.05). 
DISCUSSION
Before starting the regular diet composed of foods with differ-
ent consistencies, we usually conduct VFSS using conventional 
A B
Fig. 4. Mixed consistency VFSS in patient group. Abnormal findings were found such as (A) Premature liquid posterior spillage (arrow) in the oral phase of swallowing of solid 
component (arrowheads) (B) Subglottic aspiration (arrow) in the oral preparatory phase (chewing) of solid component (arrowheads). 
Table 2. Measurement of time parameters in single consistency food VFSS
Group Subgroup Number of persons OTT PDT PTT
Control 10 0.19 ± 0.13 0.15 ± 0.16 0.72 ± 0.39
Patients Total 49 0.32 ± 0.31 0.25 ± 0.32 0.76 ± 0.41
Patients without abnormal findings  
in mixed consistency food VFSS
25 0.37 ± 0.38 0.14 ± 0.23 0.59 ± 0.30
Patients with abnormal findings  
in mixed consistency food VFSS
24 0.29 ± 0.21  0.37 ± 0.36*  0.94 ± 0.45*
*values are significantly delayed. OTT, Oral Transit Time, values are seconds (mean ± standard deviation); PDT, Pharyngeal Delay Time, values are seconds (mean ± standard 
deviation); PTT, Pharyngeal Transit Time, values are seconds (mean ± standard deviation), VFSS, Videofluoroscopic swallow study.Kang SH, et al.  •  Usefulness of Videofluoroscopic Swallow Study with Mixed Consistency Food 
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protocols with single consistency foods; liquid, semi-solid, and 
solid. However, in this study, we found that nearly half (49.0%) 
of the patients with no significant abnormalities in single con-
sistency food VFSS showed abnormal findings in mixed consis-
tency food VFSS such as posterior spillage of liquid prematurely 
to pyriform sinus in the oral preparatory phase of swallowing 
(chewing) of solid component, laryngeal penetration or sub-
glottic aspiration of prematurely spilled liquid in the oral prepa-
ratory phase of swallowing (chewing) of solid component, and 
significant (more than 10%) residue in valleculae or pyriform 
sinus. Premature spillage of liquid to the valleculae or pyriform 
sinus prior to the pharyngeal swallowing is known to be risky 
because it could cause aspiration before swallowing because a 
part of the bolus is spilled into the pharynx before the swallow-
ing reflex is triggered, while the airway is still open (10). Howev-
er, when we eat solid food, premature loss of the chewed bolus 
to the valleculae during mastication is known to be normal (this 
is known as ‘Stage II transport in the process model of swallow-
ing) (6), because the soft palate seal to the back of the tongue is 
broken by active tongue movement during the chewing. In our 
study, 23 patients from the patient group (46.9%) showed poste-
rior spillage of the liquid component of mixed consistency food 
to pyriform sinus during chewing, possibly because of broken 
sealing of soft palate to the back of the tongue during chewing, 
which could increase the risk of penetration or aspiration. All 
patients with laryngeal penetration or subglottic aspiration in 
mixed consistency food VFSS had premature spillage of the liq-
uid component. In the control group, premature spillage of liq-
uid during oral preparatory phase was also observed in 2 out of 
10 subjects, but the pharyngeal swallowing reflex was immedi-
ately triggered to swallow the liquid component and the sub-
jects continued chewing the solid component of the mixed con-
sistency food. From these findings, immediately triggered swal-
lowing of prematurely spilled liquid during chewing of the solid 
component is considered to be one of the important differenc-
es between the control and patient group in mixed consistency 
food VFSS. 
  We also observed that in the patient group, 24 patients with 
any abnormalities in mixed consistency food VFSS showed sta-
tistically significant delays in PDT and PTT, compared to 25 pa-
tients without abnormal findings (Table 2). The patients with 
delayed PDT and PTT value showed statistically significant in-
cidence of abnormal findings in mixed consistency food VFSS 
compared to patients with a normal value of PDT and PTT. The 
delays in PDT reflect the delayed swallowing reflex or decreased 
sensation of oropharynx, which could increase the risk of aspi-
ration and penetration after premature spillage of liquid during 
chewing of solid components in mixed consistency food VFSS 
(11, 12). Below 0.5 sec was taken as the normal value of PDT for 
evaluation because PDT prolongation by 0.4 to 0.5 sec in normal 
subjects over age 60 yr is considered statistically significant in 
another study (13). As a result, we could anticipate an increased 
risk of abnormal findings including aspiration and penetration 
in mixed consistency food VFSS when a patient showed delayed 
PDT in single consistency food VFSS using liquid.
  In a study with a mixture of liquid and solid foods, two-phase 
food was proposed to increase the risk of aspiration in healthy 
subjects because the bolus of food reached to lower parts of the 
pharynx (hypopharynx) than single phase food (which reached 
to the oropharynx) before the onset of swallowing (5). Another 
study reported the risk of increased aspiration or penetration of 
the two-phase mixture food in subjects with dysphagia (14). In 
our study, we also found that there were significant abnormal 
findings in mixed consistency food VFSS among patients with 
stroke or other brain damages who had no overt signs or symp-
toms of dysphagia and no significant abnormality in single con-
sistency food VFSS. Based on our findings as well as previous 
studies, we suggest to conduct mixed consistency food VFSS 
before starting regular diet for patients with stroke or other brain 
damages to minimize the potential risk of aspiration or pene-
tration.
  Nevertheless, this study has several limitations. First, the con-
trol group was relatively young. In a follow-up study, we would 
like to conduct mixed consistency food VFSS for healthy sub-
jects aged over 60 yr. Second, we used 4 g of steamed rice mixed 
with 4 mL of diluted liquid barium as material for mixed consis-
tency food VFSS because this type of mixture was the most com-
mon in regular Korean diets, and this volume was close to that 
of one scoop of a Korean-style spoon. In the report using two 
phase food which was done in other countries, they used 4 g of 
corned beef hash mixed with 5 mL of liquid barium but the rea-
son for using this food or volume combination was not described 
(5). We tested a maximum of 5 mL of liquid, and the total volume 
of mixed consistency food was increased to over 5 mL because 
it is composed of 4 mL of liquid plus 4 g of steamed rice. We can-
not exclude that the results of this study were influenced by this 
increment in the food volume. In further studies, we would like 
to conduct VFSS using the same volume of liquid compared to 
the same volume of the mixture of liquid and solid food, and 
various combinations of mixed consistencies such as liquid and 
semi-solid or liquid and solid food other than steamed rice. 
  In conclusion, VFSS protocols using mixed consistency foods 
detected abnormalities which were not found in the single con-
sistency food VFSS among patients with no overt signs or symp-
toms. Therefore, we suggest that mixed consistency food should 
be included in the regular VFSS protocols before starting regular 
diets for patients suffering from stroke or other brain injuries. 
REFERENCES
1. Barer DH. The natural history and functional consequences of dyspha-
gia after hemispheric stroke. J Neurol Neurosurg Psychiatry 1989; 52: Kang SH, et al.  •  Usefulness of Videofluoroscopic Swallow Study with Mixed Consistency Food 
430   http://jkms.org DOI: 10.3346/jkms.2011.26.3.425
236-41.
2. Meng NH, Wang TG, Lien IN. Dysphagia in patients with brainstem 
stroke: incidence and outcome. Am J Phys Med Rehabil 2000; 79: 170-5.
3. Safaz I, Alaca R, Yasar E, Tok F, Yilmaz B. Medical complications, physi-
cal function and communication skills in patients with traumatic brain 
injury: a single centre 5-year experience. Brain Inj 2008; 22: 733-9.
4. Perlman AL. Dysphagia in stroke patients. Semin Neurol 1996; 16: 341-8. 
5. Saitoh E, Shibata S, Matsuo K, Baba M, Fujii W, Palmer JB. Chewing 
and food consistency: effects on bolus transport and swallow initiation. 
Dysphagia 2007; 22: 100-7.
6. Hiiemae KM, Palmer JB. Food transport and bolus formation during 
complete feeding sequences on foods of different initial consistency. Dys-
phagia 1999; 14: 31-42.
7. Logemann JA. Manual for the videofluorographic study of swallowing. 
2nd ed. Austin: Pro-Ed 1993; 157-62.
8. Han TR, Paik NJ, Park JW, Kwon BS. The prediction of persistent dyspha-
gia beyond six months after stroke. Dysphagia 2008; 23: 59-64.
9. Han TR, Paik NJ, Park JW. The functional dysphagia scale using video-
fluoroscopic swallowing study in stroke patients. J Korean Acad Rehabil 
Med 1999; 23: 1118-26.
10. Logemann JA. Evaluation and treatment of swallowing disorders. 2nd 
ed. Austin: Pro-Ed 1998; 89-96.
11. Johnson ER, McKenzie SW, Rosenquist CJ, Liberman JS, Sievers AE. 
Dysphagia following stroke: quantitative evaluation of pharyngeal tran-
sit times. Arch Phys Med Rehabil 1992; 73: 419-23.
12. Han TR, Kim JH, Paik NJ, Lim JH, Jeong JK, Han JK. Quantitative evalu-
ation of dysphagia in hemiplegic patients. J Korean Acad Rehabil Med 
1996; 20: 45-52
13. Tracy JF, Logemann JA, Kahrilas PJ, Jacob P, Kobara M, Krugler C. Pre-
liminary observations on the effects of age on oropharyngeal deglutition. 
Dysphagia 1989; 4: 90-4.
14. Ozaki K, Kagaya H, Yokoyama M, Saitoh E, Okada S, González-Fernán-
dez M, Palmer JB, Uematsu AH. The risk of penetration or aspiration 
during videofluoroscopic examination of swallowing varies depending 
on food types. Tohoku J Exp Med 2010; 220: 41-6.
AUTHOR SUMMARY
Usefulness of Videofluoroscopic Swallow Study with Mixed Consistency Food for 
Patients with Stroke or Other Brain Injuries 
Si Hyun Kang, Don-Kyu Kim, Kyung-Mook Seo, and Jong-Hyun Seo 
Videofluoroscopic Swallowing Study (VFSS) is used to detect the difficulty in swallowing in patients with stroke or other brain 
injuries. In the patients with no overt abnormal finding in the VFSS using a single consistency food, abnormal symptoms 
(dysphagia) were revealed when using mixed consistency foods for the study. Therefore, we suggest that mixed consistency food 
should be included in the regular VFSS protocols before starting regular diets for patients suffering from stroke or other brain 
injuries.